We analysed the archival XMM-Newton data of radio loud narrow line Seyfert1 galaxy PMN J0948+0022 in the energy range 0.3-10.0 keV. The X-ray data revealed the spectrum in 0.3-10.0 keV energy band is not a simple power-law as described in literature. Instead it consisted of a power-law with soft excess below 2.5 keV. The X-ray spectrum was fitted with four different models and it was shown the soft excess component of the spectrum in 0.3-2.5 keV energy range could be described reasonably well within the framework of the thermal Comptonization model as well as relativistically blurred reflection model. The power-law component required to fit the spectrum beyond 2.5 keV was found to be rather hard compared to the ones observed in other obscured active galactic nuclei. It is also shown that the Swift/XRT spectrum from the source could not reveal the soft excess component due to poor statistics. The fractional variability estimated from XMM-Newton data indicates the presence of independently varying components in the spectrum above 1 keV.
INTRODUCTION
PMN J0948+0022 is a radio-loud narrow line Seyfert 1 (RLNLS1) galaxy, with cosmological redshift z = 0.5846 and radio loudness parameter R ≈ 846 , detected in γ-rays by Large Area Telescope (LAT) on board Fermi satellite (Abdo et al. 2009b,a) . It is also one of the six such sources detected by Fermi/LAT in the MeV-GeV region 1 . Abdo et al.
a complex structure and Swift/XRT can not adequately describe it. We also analysed the Fermi/LAT data taken simultaneously with XMM-Newton observation to study the γ-ray emission from PMN J0948+0022.
The paper is structured as follows. In section 2, we described the data reduction for XMMNewton, Swift/XRT and Fermi. The spectral modelling is described in section 3, results are discussed and concluded in sections 4 and 5, respectively. data were used for further analysis. For Obs-B, the total observation time intervals of MOS detectors were split into five short duration segments of 16 ks (M1), 28 ks (M2), 25 ks (M3), 4 ks (M4), 10 ks (M5), however, the data have been taken for full observation time span, i.e. 93 ks, for PN detector.
EPIC data
Data reduction followed standard procedures using XMM-Newton Science Analysis System software (SAS version SAS11.0.0) with updated calibration files. Event files for the MOS (for Obs-B) and the PN (for Obs-A and Obs-B) detectors were generated using the tasks Emchain and Epchain, respectively. These tasks allow calibration of the energy and the astrometry of the events registered in each CCD chip and to combine them in a single data file. Event list files were extracted using the SAS task Evselect. Data from the three cameras were individually screened for the time intervals with high background when the total count rate (for single events of energy above 10 keV) in the instruments exceed 0.35 and 1.0 counts s −1 for the MOS and PN detectors respectively.
Source photons were extracted from circular region of 40 ′′ around the source position to generate the light curves and spectra. Background was estimated from a number of empty regions close to the X-ray source in the detector. X-ray spectra and light curves of the source were generated using SAS task Evselect and background scaling factor have been calculated using Backscale task. The photon redistribution as well as the ancillary matrix were computed using SAS task Rmfgen and Arfgen. Finally, the PN spectra of Obs-A and Obs-B were rebinned to have at least 20 and 80 counts per bin respectively while the MOS1 and MOS2 spectra of Obs-B were rebinned to have at least 20 counts per spectral bin.
Swift observations
X-ray data from X-ray telescope (XRT) on Swift have also been analysed here in photon counting mode. These observations have been taken on the same date as for Observation ID 0673730101 from XMM-Newton, i.e., 28 May 2011. The Swift/XRT data has been reduced using the HEAsoft packages ( 6.12 version), including Xselect, Ximage, and Swift data analysis tools. The XRT tool Xrtpipeline is used to produce the clean event data. Xray spectra were extracted using Xselect with 20 pixel radius source extraction region and background region from clean event data. Response matrices files (RMF) and Ancillary
Response Files (ARFs) were generated from task Xrtmkarf using the Caldb version 014 (released date 25 July 2011). Finally, the spectra were grouped using the Grppha task with 20 counts per bin.
Fermi/LAT observation
The Large Area Telescope(LAT), onboard Fermi gamma-ray observatory, is a pair conversion detector (Atwood et al. 2009 ). It is sensitive to the gamma-rays in the energy range ∼20 MeV to >300 GeV with peak effective area of ∼8000 cm 2 at 1 GeV. LAT has a very wide field of view of 2.4 sr covering 20% of the sky at any instant with angular resolution of
The LAT data for the source considered for the present analysis cover the period May 15-June 15, 2011. The data have been analyzed using the standard Fermi-LAT ScienceTools software package (ver. v9r27p1) 2 and with the help of the analysis threads and other doc- file containing model spectra for all these 21 gamma-ray sources visible in the ROI as listed in the 2nd Fermi/LAT catalogue and diffuse emission models of galactic and extragalactic origins. For PMN J0948+0022, we have taken power-law spectrum model. We obtained the value of test statistics (TS; detection significance of the source ≈ √ T S) as 32.86 for the whole energy range 100 MeV-300 GeV.
RESULTS

Spectral analysis
The EPIC-PN spectra of both the observations and MOS1 and MOS2 spectra of Obs-B were fitted with a power-law distribution with the photon index Γ using the spectral modelling tool Xspec ( Even though the soft excess in X-rays is seen case of narrow line Seyfert galaxies and it is one of the most important components of AGN spectra, its origin is still not well understood. Different physical models have been used to describe the soft excess component, such as, (i) the multicolour blackbody radiation from the disc (Mitsuda et al. 1984; Makishima et al. 1986 ),
(ii) thermal Comptonization model (Titarchuk 1994) , (iii) smeared wind absorption model (Gierliński & Done 2004 ) and (iv) relativistically blurred reflection model (Ross & Fabian 2005 ). Here we use all four models to understand the soft excess component in X-ray spectrum of PMN J0948+0022. The merits and demerits of these models are discussed in the next section to choose the best plausible model.
Before using the physical models, we used phenomenological model broken power-law to get an idea of the relative steepness of the soft and hard components of the spectrum. The fitting of PN spectrum of Obs-B with a broken power-law yielded photon indices 1.92±0.01 and 1.46±0.02 below and above the break energy at 1.68±0.02 keV. The χ 2 /dof came out to be 843.7/697. With this estimations of the photon indices we applied different physical models to fit the PN spectrum.
Multicolour disc blackbody and power-law
Considering the fact that the soft excess is contributed by the accretion disc of the galaxy around the central black hole, we fitted the spectrum with spectral models multicolour disc blackbody and a power-law. The complete spectral model used was zwabs*(diskbb+zpow).
The equivalent hydrogen column density used to account the galactic absorption was fixed at 4.4 × 10 20 cm −2 (Kalberla et al. 2005 ). The power-law photon index (Γ) was 1.53±0.02
indicating a hard power-law and the inner disc temperature was found to be 162±6 eV. The spectral fit was reasonably good with χ 2 /dof = 827.45/693 and the fitted spectrum with its residual is shown in Figure 2 . The disc temperature obtained here was much higher than the inner disc temperature expected for an accretion disc around a black hole (BH) of mass 3 × 10 7 M ⊙ which is the mass of the BH estimated by Yuan et al. (2008) .
Thermal Comptonization of disc photons
The other possibility could be that the seed photons originating from the accretion disc were Compton boosted by thermal electrons in an optically thick corona to produce the soft excess. We have used zwabs, CompTT -the thermal Comptonization model and a powerlaw component zpow to fit the complete spectrum. Considering the fact that the corona temperature ∼ 0.150 keV (as obtained for inner disc temperature in case of multicolour disc blackbody spectrum) and power-law photon index Γ ∼ 1.9 (as obtained for the steeper component of the power-law in the phenomenological broken power-law model) the plasma optical depth (τ ) could be estimated from the relation (Sunyaev & Titarchuk 1980 )
where kT e is the electron temperature and Γ is the photon index. This brought out the optical depth ∼ 52. With the seed photon temperature at 30 eV and the equivalent hydrogen column density was fixed at 4. ) and the photon index is 1.71±0.02.
Relativistically blurred reflection model
In this model the cold optically thick accretion disc is illuminated by a power-law distributed radiation and the accretion disc medium produces a Compton scattered reflected radiation along with fluorescence lines. The resultant emission involves the reflected component from the disc and the illuminating power-law. The relativistic blurring of resultant emission is accounted for by convolving a Laor (1991) profile used to simulate the blurring emission lines from an accretion disc around a maximally rotating black hole. The Laor profile estimation considers that the accretion disc is geometrically thin, flat and has well defined inner and outer radius. The radial dependence of disc emissivity is assumed to be a power-law. This model was first introduced by Ross & Fabian (1993) and used by Ballantyne et al. (2001a) , Ballantyne et al. (2001b) , Fabian et al. (2002) and Ballantyne et al. (2003) . It was further updated by including more ionization states and more atomic data by Ross & Fabian (2005) .
The updated model by Ross & Fabian (2005) was successfully used by Crummy et al. (2006) and Walton et al. (2012) for a large sample of AGN while by Nardini et al. (2011) −0.06 . The fitted spectrum along with the residual is given in Figure 2 . The fitted parameters for all four models are given in Table 1 .
Even though the above discussions were based on the EPIC-PN spectrum of Obs-B, we also fitted the EPIC-PN spectrum of Obs-A and MOS1 and MOS2 spectra of Obs-B with the above models. The fitted parameter values were generally consistent, but the error bars were large.
Swift/XRT spectrum
We fitted the XRT data with model zwabs*zpow. The galactic absorption and power-law model fitted, but due to poor statistics of the data the soft excess in the spectrum could not be detected. In fact the fitting was also not of that good quality yielding χ 2 /dof = 62.04/32.
The fitted spectrum is shown in Figure 3 and the best-fit parameters are given in Table 1 .
Spectral variability
The lightcurves with 500 s time bin, in the 0. The rms amplitude of variability for a lightcurve with N data points and mean count ratex is given by (Uttley et al. 2005 )
The length of each segment of the lightcurve considered was 2000 sec. The variation of the calculated rms variability with the mean count rate for the all three energy ranges are
shown Figure 5 . It is evident that, within the limited dynamical range of the count rate, the flux vs σ rms follows a linear relationship. This is true for the lightcurves in all three energy 
DISCUSSION
To understand the spectral behaviour of radio-loud narrow line Seyfert 1 galaxy PMN J0948+0022
in the X-ray energy band we analysed the archival data of the source from XMM-Newton.
The EPIC-PN spectrum of the source in 0.3-10.0 keV region could not be fitted with a simple power-law. The spectrum in the 2.5-10.0 keV energy range fits reasonably well with a power-law distribution (χ 2 /dof = 335.5/310) with spectral index 1.37±0.03 while the data in the 0.3-2.5 keV energy range show the presence of a distinct soft excess component when compared with the power-law extrapolated from the high energy. The soft excess is commonly observed in case of radio-quiet as well as radio-loud narrow line Seyfert 1 galaxies, but in the present context it has different importance. Since PMN J0948+0022 is a gamma-ray emitter which establishes the existence of powerful jet in the system, so it is not only important to understand the origin of the soft excess in the X-ray domain, it is also very crucial to understand its connection with the gamma-ray emission. The latter may shed some light on the disc-jet connection which is not well understood in the theory of accretion and jet formation, even after a lot work have already been done in this area (e.g, Neilsen & Lee (2009) ).
Due to the uncertainties in the understanding of the soft excess in the X-ray spectrum of NLS1, we considered four different models to fit the EPIC-pn spectrum of PMN J0948+0022. (2012) modeled the X-ray spectra of a large number of unobscured type 1 Seyferts using the thermal Comptonization model and it was found that the electron temperature varies from 0.1-0.6 keV while the black hole mass ranges from ∼ 10 6 − −10 9 M ⊙ . Therefore, the values of electron temperature obtained here are generally consistent with same reported in the literature. Such a narrow temperature range and its independence on black hole mass suggest that the soft excess could have had atomic origin (Gierliński & Done 2004; Ross & Fabian 1993 . We used the smeared wind absorption model by Gierliński & Done (2004) to fit the X-ray spectrum of the source. In this model, the power-law component is produced in the Comptonizing corona and the soft excess is produced due to the smeared atomic absorption features in soft X-rays (Gierliński & Done 2004) . The smearing of absorption features takes place in differentially rotating mildly relativistic wind outflow/jet from the accretion disc.
The fitting of the spectrum yielded an absorption wind column density > 25 × 10 22 cm −2 , the ionization parameter is 3.44±0.12 and the dispersion of Gaussian velocity distribution,
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The relativistically blurred reflection model which also considered the atomic origin of the soft excess, gave a reasonably good fit to the observed spectrum. The fitted value the inner radius not only implied a rapidly spinning black hole, it also implied that the emission region is situated in the innermost portion of the accretion disc. This also implied that the reflected radiation would have very blurring due to the gravitational field of the black hole. The illuminating radiation had steeper photon index compared to the hard power-law component in the spectrum. The hard power-law component might be produced in a corona in the outer portion of the disc as mentioned earlier. The estimated luminosity of the source came out to be 3.1 × 10 45 ergs s −1 which is approximately 0.6L Edd .
The other aspect of the present study is the study of rms spectrum. The calculated rms spectrum remained almost constant upto 1 keV and it increased beyond 1 keV. The beyond 1 keV there might be independently varying spectral components and the power spectral density could be energy dependent (Vaughan et al. 2003a) . As the error bars are relatively large, so to draw any firm conclusion on spectral variability for photon energies beyond 1 keV longer observations are required.
The other important aspect of the emission from PMN J0948+0022 is the linear relation between the rms variability amplitude and the mean count rate. This feature is also seen in case of narrow line Seyfert 1 galaxies (Edelson et al. 2002; McHardy et al. 2004 ) and from Seyfert 1 galaxies (Vaughan et al. 2003c,b) . Uttley et al. (2005) showed that the linear rms-flux relation is an outcome of a multiplicative process where the amplitude of short time-scale variations are modulated by the longer time scale variations. In case of accretion flow the long time scale variations are produced at larger radii whereas the short time scale variations are produced at shorter radii of the accretion disc. In fact Lyubarskii (1997) proposed a model where the fluctuations originated at the larger radii of the accretion disc were considered to propagate to smaller radii, to explain the observed X-ray variability in X-ray binaries. Uttley & McHardy (2001) showed that the linear relationship between the rms variability amplitude and flux is a natural outcome of the model proposed by Lyubarskii (1997).
Finally, in the 0.1-300 GeV energy range, Fermi/LAT detected γ-ray emission from the source. The analysis of the data for one month around the XMM-Newton observation (Obs-B) discussed here, showed a gamma-ray flux of (8.34 ± 0.19) × 10 −8 photons cm −2 s −1 .
Earlier the gamma-ray detection was reported by Abdo et al. (2009b); Foschini et al. (2010 Foschini et al. ( , 2012 . The multiwavelength spectral data were modeled by using synchrotron process for the radio-to-optical band; X-ray and γ-ray spectra were fitted with self-synchrotron Compton and external Compton processes respectively. The radiation is produced in a region in relativistically moving jet. In those works the X-ray spectra were considered from Swift/XRT in the 0.2-10 keV band and the XRT spectra were fitted with simple power-law. But in the present work it is shown that the X-ray spectrum in the 0.2-10 keV energy band was not a power-law. The near simultaneous Swift/XRT data were analysed here and it was shown that the data could not reveal the soft excess component due to poor statistics. Therefore the consideration that the X-ray spectrum was a simple power-law and originated in a relativistic jet might be misleading. It indeed has a soft excess component from the accretion disc. This must be taken into account while modelling the multiwavelength spectral energy distribution. It is also important to understand the relationship between the soft excess component and the very high energy component of the spectrum which is beyond the scope of this paper.
CONCLUSIONS
We have analysed the archival X-ray data from XMM-Newton , Swift/XRT and γ-ray data from Fermi/LAT for the radio loud narrow line Seyfert 1 galaxy PMN J0948+0022. This conclude the following.
• The spectral analysis of X-ray spectrum from XMM-Newton establishes the presence of soft excess in the 0.3-2.5 keV energy band and a hard power-law beyond 2.5 keV.
• Due to the uncertainties in the understanding of the soft excess in the X-ray spectrum of NLS1 the complete spectrum is fitted with four different spectral models -(1) multicolour black body and power-law, (2) thermal Comptonization and power-law, (3) smeared absorption wind model and (4) the relativistically blurred reflection model. The models (1) and (3) are completely ruled out, but models (2) and (4) are statistically comparable to each other.
Due to the fact that the temperature of the optically thick corona where the soft excess is produced by thermal Comptonization, falls in a very narrow range irrespective of the mass of the central black hole, the relativistically blurred reflection model is preferred.
• The simultaneous multi-wavelength fitting of the spectrum should take care of the soft
The XMM-Newton view of RLNLS1 galaxy PMN J0948+0022 17 excess part of the spectrum properly. The power-law component in the X-ray spectrum might also be originated in the accretion disc corona. The SSC process might not be the correct description of X-ray emission in 0.3-10.0 keV energy range. It is also important to understand the possible connection between the soft excess and the gamma-ray emission in the source.
• It is important to study the variability properties of this source in detail. This study will be helpful to understand the underlying radiation emission process and its impact on the variability of the source.
